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ABSTRACT
We analyzed the correlation between mainland China and Hong Kong stock
markets based on cash flow (CF) news and discount rate (DR) news instead of
considering market return as a whole. We decomposed stock return into CF
news and DR news following Campbell and Vuolteenaho. Then, the VAR-
BEKK-GARCH method was used to investigate the time-varying correlations
of CF news and DR news in the two markets. We ensured robustness by using
the structural break test from Bai and Perron to estimate the structural break
points during the sample period. The results show that CF news and DR news
in the mainland China market is more volatile than in the Hong Kong
market, and DR news correlation is usually negative when the mainland
China market is undergoing some reform. The estimated structural break
points were matched to important events in the mainland China market and
the two markets become increasingly correlated.
I. INTRODUCTION
Investors in different markets face more than one kind of market volatility risk;
therefore, investigation of the correlations between different markets is essential
for investment decisions and risk management. According to portfolio theory,
investors can reduce risk by diversifying investments into lowly correlated assets.
Hence, the performance of a portfolio depends not only on the return and risk of
its individual assets, but also on the correlations between these assets. The lower
the correlation, the more risk is reduced. This theory also applies across countries.
If stock markets in two countries are less correlated, then diversifying investment
over these two markets reduces risk. Consequently, research on return correla-
tions of different assets or of different stock markets has flourished.
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Early research about the comovements of stock markets in different coun-
tries tested whether holding investment portfolios in different countries was
more beneficial than investing in a single country. Grubel (1968) developed a
model with internationally diversified portfolios from 11 industrially devel-
oped countries to analyze this. He found that an internationally diversified
investment can, indeed, lead to welfare gains for individual investors because
of the low correlations between selected countries’ stock markets. Errunza
(1977) and Lessard (1973) extended the work of Grubel (1968) to include both
developed and developing countries. Their empirical results showed that
diversification can result in higher benefits. Later literature estimates the
comovements of different stock markets by directly analyzing the return spill-
over effect and volatility spillover effect across stock markets. Hamao et al.
(1990) constructed an ARCH model to estimate the comovements between
the New York, London, and Tokyo stock markets, and found that price and
price volatility have a strong spillover effect. Karolyi (1995) estimated the
comovements between the New York and Toronto stock markets using a mul-
tivariate GARCH (MVGARCH) model, and concludes that volatility correla-
tion between the two markets is time-varying. Moreover, Karolyi (1995)
determined that the spillover effect from the American market to the Cana-
dian market decreases in the late 1980s. Similar studies are also found in
Richards (1995) and Hsin (2004).
Previous literature indicate that diversifying investments in both developed
countries and developing countries can bring a higher return because of low
correlation (Bekaert and Harvey 1995; Harvey 1995). However, over time, the
opening of capital markets in developing countries has changed the structure of
international return correlations. Gerard et al. (2003), Forbes and Rigobon
(2002), and Fujii (2005) found that correlations between developing stock
markets and developed stock markets increased over time. Carrieri et al. (2007)
investigated the comovements among eight developing stock markets and
developed stock markets. They found that correlations become stronger
although developing markets are still affected more by local information. More-
over, they showed how using stock market indices as research objectives was
questionable, because these indices cannot fully reflect integrated market
information.
In recent studies, Chiang et al. (2007) used the DCC-GARCH model to study
nine Asian stock markets. Empirical results verified the contagion effect among
these markets, especially after the Asian financial crisis. Arouria et al. (2010)
found similar results by analyzing the dynamic conditional correlations
between six emerging Latin American stock markets. The DCC-GARCH model
was applied to estimate time-varying volatility correlation and the Bai and
Perron (2003) structural break test was employed to analyze structural change in
the markets. Their results showed that correlations among these markets have
increased, especially since 1994. This increase was attributed to regime change,
according to the structural break test results. Moreover, the comovements
during the financial crisis period are significantly stronger than for other
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periods. Chen et al. (2002) also find that developing markets in Latin America-
have increasing correlations over time, thus limiting the benefits of interna-
tional diversification.
In this article, we investigate the comovements between mainland China and
Hong Kong stock markets. We choose these two markets as Hong Kong’s stock
market has close proximity to mainland China stock market. It is an important
market for Chinese investors because Chinese investors’ limits to investing in
the Hong Kong market are fewer than the limits to investing in other countries.
At the same time, hundreds of companies from mainland China are listed in the
Hong Kong market;1 companies from Hong Kong also invest in the mainland
China market. The financial environments strongly influence each other.
However, for historical reasons, the financial systems of mainland China and
Hong Kong are independent. Information channels are not exactly the same,
thus the same information may result in different reactions in each market. The
pairing of these two markets provides a good platform for international corre-
lation research.
Poon and Fung (2000) use a multivariate EGARCH-M model and find that red
chip stocks, H-share stocks, and mainland China stocks have significant return
and volatility spillover effects.2 Similar results are also found in Sun and Tong
(2000). As more and more companies from mainland China issue stocks in the
Hong Kong market, the two markets become increasingly correlated.
The existing literature only consider market information in its entirety to
investigate return or volatility spillover. Campbell and Shiller (1988), Camp-
bell (1991), and Campbell and Vuolteenaho (2004) show that excess return on
assets can be decomposed into two parts: cash flow (henceforth, CF) news and
discount rate (henceforth, DR) news. CF news relates more to company fun-
damentals, such as dividend, book value, etc., which reflects long-term infor-
mation, while DR news relates more to return or investors’ risk aversion,
which reflects short-term information. Naturally, investment decisions depend
equally on both long- and short-term information. So it is meaningful to
analyze the correlations among different stock markets by CF news and DR
news separately.
In this article, we employed the vector autogressive regression (VAR) model
used in Campbell and Vuolteenaho (2004) to decompose excess return into CF
news and DR news. We constructed the four state variables used by Campbell
and Vuolteenaho (2004), i.e., the excess market return (R), the yield spread
between long- and short-term bonds (TY), the market’s smoothed price-
earnings ratio (PE), and the small-stock value spread (VS), in both the Hong
Kong and the Chinese markets for return decomposition. The BEKK-GARCH
1 As of February 2011, there were 596 mainland companies listed in the Hong Kong market
(including the mainboard and the Growth Enterprise Market). Source: HKEX Monthly Market
Highlights 2011.
2 Red chips are Chinese background companies in Hong Kong that are listed on the HKEX. H
shares are Chinese companies in mainland China that are listed on the HKEX. Compared with
red chips, H shares issuers are subject to the additional requirements.
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model is then used to test the time-varying CF news correlation and DR news
correlation in the two markets. Finally, the Bai and Perron (1998, 2003) struc-
tural break test is applied to test for break points that provides a robust test of
the news decomposition.
Using a sample from 2002 to 2010, we found that CF news correlation
between Hong Kong and China markets was more volatile after 2007 and gets
into negative range when there are major financial events in the mainland
China market, while DR news correlation was positive with only a few excep-
tions. This negative correlation decreases over time, indicating that the Hong
Kong market has become more and more sensitive to information transmitted
from the mainland China market. We predict that future comovements
between the mainland China and Hong Kong markets will be even stronger.
According to the structural break test, DR news correlation has several structural
breaks coinciding with major financial events of mainland China while CF news
correlation has no structural break.
Compared with previous correlation literature, our method has the following
advantages. First, we consider the GARCH effect in the VAR model when
decomposing CF news and DR news from the market return. This accounts for
the volatility dynamics in the VAR estimation and yields consistent decompo-
sition results. Second, the news decomposition allows us to separately estimate
the time-varying CF news correlation and DR news correlation in the two
markets, which gives us more information than just considering market return
as a whole. Third, a structural break test was used to test if CF news correlation
or DR news correlation has a structural break, thus providing a robust test of the
news decomposition. The current work is one of the few that take a decompo-
sition approach in estimating dynamic correlation structure between two con-
nected markets. Given the special relationship between China and Hong Kong,
such examination is well motivated and yields consistent results that have
economic meanings. In the study, we extended the Campbell and Vuolteenaho
(2004) methodology to correlation study and proved its feasibility. The current
study also employed a VAR-BEKK-GARCH integrated econometrical framework,
which is innovative and robust.
The rest of this article is organized as follow: Section I explains our method-
ology for decomposing the return into CF news and DR news. Section II
discusses the data and the construction method for the VAR state variables.
Section III presents the empirical results of the dynamic correlations of CF news
and DR news in the two markets, and Section IV tests the robustness of the
results. Section V concludes.
II. METHODOLOGY
A. Stock return decomposition
Following Campbell and Shiller (1988) and Campbell (1991), we obtained a
log-linear approximate decomposition of returns as
International Review of Finance
© 2012 The Authors
96 International Review of Finance © International Review of Finance Ltd. 2012
r E r E E d E Ei t t i t t t j i t j
j














, , , ,
ρ j i t j
j


















where ri,t+1 is the log stock return at time t + 1, di,t+1 is the log dividend
paid by the stock i at time t + 1, D denotes a one-period change, and
r is the discount coefficient, which was assumed to be 0.95 per
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Equation (1) shows that changes in unexpected stock returns are associated
with changes in expectations of future CFs or DRs. Given a dividend stream,
higher future returns can only be generated by a future price increase from a low
current price. Thus, if investors have a decrease in expected future CFs or an
increase in expected future DRs, there will be a capital loss today.
To decompose returns into CF news and DR news, we used a VAR model
following Campbell and Vuolteenaho (2004). The decomposition process
started assuming that the data were generated by a first-order VAR process:
Z a AZ ut t t+ += + +1 1. (2)
where Zt+1 is an m-by-1 state vector with rM,t+1 as its first element, a is an m-by-1
constant vector, A is an m-by-m coefficient matrix, and ut+1 is an m-by-1 vector
of shocks following an independent and identically distributed process.
Based on the data generation process of equation (2), we can get a linear
function that relates CF news and DR news to the shock vector:
N e I A u e e A I A uCF t t t, ( ) [ ( ) ]+ − + − += ′ − = ′ + ′ −1 1 1 1 11 1 1ρ ρ ρ (3)
N e A I A uDR t t, ( ) ,+ − += ′ −1 1 11 ρ ρ (4)
where e1′ = [1 0 L]m¥1. Now, VAR shocks were mapped into CF news and DR
news using rA(I - rA)-1. The greater the absolute value of the top row of A, the
greater the weight the variable received in the DR news formula.
We estimated A and ut+1 through the VAR model, and then equations (3) and
(4) were used to derive CF news and DR news. This method was easy to
implement, but the choice of state variables in the VAR model was extremely
important, as they determine the precision of the decomposition. Campbell and
Vuolteenaho (2004) determine four robust state variables for us to refer to. They
are the excess market return (R), the yield spread between long- and short-term
3 Campbell and Vuolteenaho (2004) links r to the average consumption–wealth ratio.
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bonds (TY), the market’s smoothed price-earnings ratio (PE), and the small-
stock value spread (VS).
There are several reasons we choose these four state variables. First, our
decomposition object was excess market return, thus, excess market return must
be included as one of the state vectors. Second, the yield spread between long-
and short-term bonds tracks the business cycle, while stock market was corre-
lated with business cycle. Third, as the price–earnings ratio was determined by
market price and earnings, a high price–earnings ratio implies low future
expected returns at a given constant growth in expected earnings. Fourth,
small-stock value spread was chosen based on intertemporal captical asset
pricing model (ICAPM) theory. ICAPM claims that a higher return of small
growth stocks predicts lower future expected market return, while a higher
return of small value stocks predicts higher future expected market return. Thus,
the value spread between them also influences market return. Another expla-
nation is that small-stock value spread can be related to market-wide DRs
because prices of small growth stocks are more sensitive to changes in DRs.
B. Modeling time-varying correlation
Financial time series usually have characteristics like a fat tail and cluster, and
the ARCH model of Engle (1982) catches up well with the characteristics
mentioned earlier. The further extension of the ARCH model to the GARCH
model by Bollerslev (1986) has a more general application because it appears to
more successfully describe the properties of stock returns and volatility. In order
to find the correlation of multiple series, Bollerslev et al. (1988) extend the
GARCH model into a MVGARCH model. Pagan (1996) and Bauwens et al.
(2006), among others, illustrate the wide application of the GARCH and
MVGARCH models in financial research.
In this study, we used the BEKK-GARCH model developed by Engle and
Kroner (1995) to estimate the time-varying correlations of CF news and DR
news between mainland China and Hong Kong stock markets. This model was
suitable here because it avoids the information loss that the DCC-GARCH
model was susceptible to.
We first write NCF,t and NDR,t as Nt, and write HCF,t and HDR,t as Ht; to arrive at
a stochastic vector, nt = (n1t, K nkt)′, which is a k-by-1 vector; nt = mt + et, where
εt t tH z= 1 2/ ; Ht1 2/ is a k-by-k positive matrix, and zt is a k-by-1 vector.
We assume that E(zt) = 0, Var(zt) = Ik, where Ik is a k-order identity matrix.
Thus, the conditional variance of nt is
Var n I Var Ht t t t t( | ) ( ) .− −= =1 1 ε (5)
In the BEKK (1, 1, 1)-GARCH model, Ht is written as:
H B H Bt t t t= ′ + ′ ′ + ′− − −Ω Ω Γ Γε ε1 1 1 . (6)
If there are only two series of data, W is a 2-by-2 upper triangular matrix, and G
and B are both 2 ¥ 2 coefficient matrices. We denote wij, yij, and bij as the (i,j)
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element of matrices W, G, and B separately. Through testing, whether non-
diagonal elements of G and B are significantly different to zero or not, we can
determine the volatility spillover effect.
We used maximum likelihood method to estimate this BEKK-GARCH model,
hence the log-likelihood function can be written as:
L
TN
H y H yT t
t
T
t t t t t
t
T












We obtain estimates of wij, yij, and bij by maximizing LT(q).
Additionally, the GARCH process was integrated into the VAR model for news
decomposition. That is, we assumed the shock term in the VAR model follows
a GARCH process.
III. DATA
Given the availability of data in Hong Kong and China markets, we use
monthly data from June 2002 to September 2010. The data selection and state
variables’ constructions are conducted in the following way.
The excess log return on the market (RMe) is the difference between the log
market return and the log risk-free rate. In this article, we do not choose
either the Shanghai Composite Index or the Heng Seng Index to represent the
price of the two markets. It is not precise to use a price index as the market
price because the Shanghai Composite Index or the Heng Seng Index alone
only represents part of the stocks. Our research objective is the whole set of
stocks listed in both markets, so we calculate the value-weighted stock return
for all listed stocks. Excess return data for the mainland China market comes
from the CSMAR database of Shenzhen GTA Company. Return and market
value data for the Hong Kong market is from DATASTREAM. The risk-free rate
data of Hong Kong is constructed by the Hong Kong Monetary Authority
from Treasury bills with a 1-month maturity. Until September 2010, the
DATASTREAM database indicates that there were 1484 stocks in the Hong
Kong market and the CSMAR database gives 2008 stocks in the mainland
China market.
The term yield spread (TY) is computed as the yield difference between
10-year constant-maturity government bonds and 1-year maturity government
bills, in percentage points. We choose 1-year bills instead of 1-month bills
because of the availability of Chinese bond data. Data for both markets are
provided by DATASTREAM.
The price-earnings ratio (PE) is constructed as a share-weighted PE. Our
construction method is different from Campbell and Vuolteenaho (2004)
because of the data availability of the mainland China market. Because the
RESSET database provides share-weighted PE values for the mainland China
market, we also use this kind of PE values for the Hong Kong market. The ratio
is log transformed.
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The small-stock value spread (VS) is constructed by referring to Campbell
and Vuolteenaho (2004). The portfolios are constructed at the end of each
June, and are the intersections of two portfolios sorted according to size
(market value or MV) and three portfolios formed based on the ratio of book-
to-market value (BE/ME). The size breakpoint for year t is the median market
value of all stocks at the end of June of year t. BE/ME for June of year t is the
book value divided by the market value for December of t–1. The breakpoints
for BE/ME are the 30th and 70th percentiles among the small stocks sorted
before. At the end of June of year t, the small-stock value spread is con-
structed as the difference between the log (BE/ME) of the small high book-
to-market portfolio and the log (BE/ME) of the small low book-to-market
portfolio. From July to May of each year, the small-stock value spread is con-
structed by first adding the cumulative log return (from the previous June) on
the small low book-to-market portfolio to the small stock value spread at the
end of June, and then subtracting the cumulative log return on the small
high book-to-market portfolio from it.
IV. EMPIRICAL RESULTS
We report and interpret the results obtained from the empirical estimation.
Statistics description of data is given first, and then we present extracted CF
news and DR news. Finally, we investigate and interpret the time-varying
conditional correlations of CF news and DR news in the two markets.
A. Statistics description
Descriptive statistics and stochastic properties of four VAR state variables in each
market are presented in Table 1.
Compared with the Hong Kong market, the mainland China market return
has higher return and risk. This is consistent with most research results in the
literature. Skewness is mostly negative and kurtosis is above 3 for the Hong
Kong market. The null hypothesis of no autocorrelation of order 12 is rejected
for both markets, which suggests the use of a VAR model is appropriate. The
Engle (1982) test for conditional heteroskedasticity rejects the null hypothesis
of no ARCH effect for both the mainland China and the Hong Kong market.
This provides support for us to use a GARCH model to estimate the time-varying
correlation.
From Table 2, we see that under the 10% significance level, the excess market
return series rejects the hypothesis of existing unit roots in both the mainland
China and Hong Kong markets. However, TY in the mainland China market,
and TY and VS in the Hong Kong market have unit roots, indicating non-
stationarity. Despite this, we continue to use these eight state variables in our
empirical tests because we need to use the VAR model in a given form to extract
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CF and DR news from the excess market return, and the existing regression
methods cannot solve this non-stationary problem of the state variables.4
B. VAR-BEKK-GARCH result
Tables 3 and 4 contain the parameter estimates for the VAR-BEKK-GARCH model.
Table 3 gives the VAR estimates while the GARCH estimates are in Table 4.
Table 3 shows that the estimated coefficients of the VAR state variables are
significantly different from zero. Once we have this coefficient matrix, the CF
news and DR news in both markets can be derived. We plot them in Figures 1
and 2.
From the Figures 1 and 2, we find that during the sample period, CF news and
DR news generally show a similar trend. The time-varying correlation between
mainland China and Hong Kong stock markets is our concern, so we show the
time-varying correlation of CF news in the two markets in Figure 3, the time-
varying correlation of DR news in the two markets in Figure 4.
From Figure 3, we find that CF news correlation appears to be more volatile
after 2007. Because CF news represents long-term information, this pattern
indicates that after 2007, long-term information became more important than
short-term information for mainland China investors. From Figure 4, we also
see some interesting patterns in DR news. First, most of the time, the corre-
lation of DR news during the sample period is positive. Second, we can map
the negative correlation points to several big financial events in China, For
instance, the Qualified Foreign Institutional Investor (QFII) in December
2002, the non-tradable stocks reform commencing from May 2005, the
increase of stamp duty in May 2007, the announcement of ‘through-train’
4 We also test the stationarity of the VAR state variables of Campbell and Vuolteenaho (2004),
and find their TY and VS are not stationary either. To our best knowledge, so far, there is no
other way in the existing literature to address this problem.
Table 2 Unit root tests (Phillips–Perron)
Variable Option PP statistic 10% critical value Stationarity
Mainland China R NI & NT -8.815977 -1.614596 Yes
TY I -2.227767 -2.582514 No
PE I -2.643193 -2.582514 Yes
VS I -2.535928 -2.582514 No
Hong Kong R NI & NT -9.449126 -1.615316 Yes
TY I -1.884179 -2.576939 No
PE I -2.689945 -2.576939 Yes
VS I -2.242260 -2.576939 No
Notes: I denotes intercept option, T denotes trend option, NI denotes no intercept option and NT
denotes no trend option.
R, market return; TY, yield spread between long- and short-term bonds; PE, price–earnings ratio;
VS, small-stock value spread.
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Figure 1 Cash Flow (CF) News.
Figure 2 Discount Rate (DR) News.
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policy in mid-2008,5 and the introduction of the mainland stock index
futures in April 2010. Third, if the Hong Kong market does not care about the
mainland China market, then for big events in mainland China, its reaction
should be different from the mainland China market, and the DR correlation
should be negative. Therefore, the negative points along with big events
reflect the different reactions of the two markets during big events in China
markets. Fourth, we find that since 2008, the correlation becomes more posi-
tive than negative. Such observation may indicate it is possible that Hong
Kong market does not care too much about mainland China market in the
early periods; however, since 2008, the announcement of the ‘through-train’
5 ‘Through-train’ policy allows mainland investors to invest in Hong Kong market to some
extent.
Figure 3 Conditional Correlation of Cash Flow (CF) News.
Figure 4 Conditional Correlation of Discount Rate (DR) News.
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policy induces the Hong Kong market to start to notice more about the main-
land China market, and consequently this is reflected in a more positive cor-
relation of the DR news after 2008.
V. STRUCTURAL BREAKS TESTS
Although the negative correlation points of DR news can be mapped to several
important events, further evidence is required to show the robustness of our
decomposition. Because CF news reflects long-term information, given our
limited sample, the events happening in the market should not affect the
structure of CF news; on the contrary, DR news reflects the short-term infor-
mation and should have structural change during the sample period.
In order to test the precision of our news decomposition, we investigate
whether any structural changes occur in the conditional correlations between
mainland China and Hong Kong markets during the estimation period. We
apply the structural break test of Bai and Perron (1998, 2003) to detect the
structural break points in CF news and DR news conditional correlations.
6 Please refer to Bai and Perron (1998) for detailed statistics computation.
Table 5 Bai and Perron’s test for multiple structural breakpoints of CF: CF news
conditional correlation break test6
zt = {1} q = 1 p = 0 h = 14 M = 3 (5%)
e = 0.15
SupFT(1) SupFT(2) SupFT(3) UDmax WDmax




Table 6 Bai and Perron’s test for multiple structural breakpoints of DR: DR news
conditional correlation break test6
zt = {1} q = 1 p = 0 h = 14 M = 3
e = 0.15
SupFT(1) SupFT(2) SupFT(3) UDmax WDmax (5%)
13.7953* 10.9287* 16.9459* 16.9459* 24.3953*
SupFT(2|1) SupFT(3|2)
7.1109** 12.4999*




Notes: h equals e multiple the sample size; *denotes the 5% significance level, ** denotes the 1%
significance level.
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Tables 5 and 6 present the results, where the supF and Dmax tests determine
whether or not there are break points.
In the Table 5 shows the break test for CF news assuming three break points,
while Table 6 shows the break test for DR news assuming three break points as
well. For CF news conditional correlation, both the supF and Dmax tests statis-
tics are insignificant, suggesting the null hypothesis of stability is accepted,
while for DR news conditional correlation, the null hypothesis of stability is
rejected, which indicates that there are three break points. The results show that
during the sample period, CF news conditional correlation does not have any
structural change, while DR news conditional correlation has structural break
points that coincide with big financial events such as the non-tradable shares
reform, the ‘through-train’ policy and the introduction of mainland stock
index futures. Therefore, this test provides evidence that the decomposition is
appropriate.
VI. CONCLUSION
This study tries to investigate the dynamic correlation between mainland China
and Hong Kong stock markets based on news decomposition perspective
instead of considering market return as a whole. It is a new exploration of
dynamic correlation structures in connected financial markets. Specifically, we
analyze the CF news comovements between the mainland China and Hong
Kong stock markets, as well as the DR news comovements between these two
markets. The sample period is from June 2002 to September 2010.
We find CF news correlation becomes more volatile after 2007. Because CF
news relates more to long-term information, we conclude that investors in the
mainland China market have become more concerned about long-term infor-
mation, and that this concern leads to the fluctuating correlation. As demon-
strated by our empirical findings, DR news mainly shows positive correlations
except for some points that can be associated with important stock market
events such as the QFII of December 2002, the non-tradable stocks reform of
May 2005, the increase in stamp duty in May 2007, the announcement of the
‘through-train’ policy in mid-2008, and the introduction of mainland stock
index futures in April 2010. However, we see that after 2008, the correlations
become more positive than negative. Although correlations become negative
again from mid-2010, the degree of negativity is significantly less than before.
We believe that this corresponds to the change in the relative relationship of the
two markets. It suggests that the Hong Kong market comprehends the impor-
tance of the mainland China market and is consequently is influenced more by
the changes in the mainland China market. In addition, the structural break test
shows that there are no structural breaks for CF news correlation, but that there
are three breaks for DR news correlation. This further supports our news decom-
position for correlation examinations. Our method proposed in the current
study provides a new perspective for information linkage analysis by looking at
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DR and CF news (and consequently, the short- and long-term market informa-
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